Introduction
Desertification is a global phenomenon which affects about one billion populations in about one hundred countries (Adger et al., 2000) . The interference and interaction between the various factors such as climate, land cover, change in land use and natural and physical human activities resulted in the increase of desertification phenomenon (Thomas, 1997 nd UNCCD, 2000 . The human factor is considered as the most important dynamic mechanism that affects increasing the desertification phenomenon (Herrmann and Hutchinson, 2005) . Susceptibility to desertification is depending on the context (UNEP, 1992 and Thornes, 1995 and any small change over specific threshold will affect the equilibrium between the other desertification factors and leads to undesired irreversible changes in desertification status (Tucker et al. 1991 , Nicholson et al. 1998 and Montanarella, 2007 
T
HIS STUDY presents the assessment and mapping of the environmentally sensitive areas (ESA) to desertification in Sidi-Abdel Rahman area, Northern West Coast of Egypt using MEDALUS model. The desertification indices in Sidi-Abdel Rahman area were identified based on remote sensing data, Geographic information Systems (GIS), and field survey data. These indices were soil quality index, climate quality index, vegetation quality index, erosion quality index, land management quality index, and social quality index. The results of the current study for sensitivity to desertification showed that 20.62% of the whole region (8510 ha) is medium-fragile sensitive to desertification, 43.36% (17893 ha) is high-fragile sensitive to desertification, 35.35% (14586 ha) is low-critical sensitive to desertification, and 0.66% (274 ha) is medium-critical to desertification. In general, the total area is classified as fragile (F3) and thus insensibly susceptible to desertification. Sidi-Abdel Rahman area is sensitive to desertification owing to low vegetation cover, soil quality, mismanagement, climate condition, wind, and water erosion.
Keywords: Desertification, MEDALUS model, Indicators, Assessment, Mapping, Sidi AbdelRahman, Egypt sensitive areas (ESA) (Ferrara et al., 1999 and Zambon et al., 2017) . The Susceptibility to desertification were evaluated and assessed by different methods and models such as direct observations, mathematical models, parametric equations, and remote sensing techniques been developed (FAO/UNEP, 1984 and Turkmenistan Academy of Science (Babaev 1985) .
MEDALUS methodology was developed by Kosmas et al. (1999) for identifying the regions sensitive to desertification appropriately at different scales and for the small changes in desertification factors (Luca and Sofia, 2011) . MEDALUS model consists of four types of environmentally sensitive areas (ESA) to desertification phenomena which are, soil quality, climate quality, vegetation quality, and management quality. Many studies monitored and evaluated ESA in the Mediterranean region by MEDALUS model with accurate acceptable results (Basso et al., 2000 , Collado et al., 2002 , Kosmas et al., 2003 , Runnstrom, 2003 , Brandt, 2005 , Yang et al., 2005 , Jabbar and Chen, 2006 , Gad and Lotfy, 2006 , Sepehr et al., 2007 , Ali and El Baroudy, 2008 , Gad and Lotfy, 2008 , Lavado et al., 2009 , Bouabid et al., 2010 , Gad and Shalaby, A. M. SALEH et al. 2010 , Honardoust et al., 2011 , Mohamed, 2013 , Coscarelli et al., 2016 , Lahlaoiet al., 2017 and Prăvălie et al., 2017 . The objectives of this work are to use spatial analyses and Geographic Information System (GIS) for assessing and mapping the environmentally sensitive areas (ESAs) to desertification in Sidi Abdel-Rahman area, North West Coast of Egypt through the MEDALUS multi-factor approach based on both a general and a local knowledge of the environmental processes acting.
Material and Methods

The study area
Sidi-Abdel Rahman area is located at the north-western part of the coastal zone in the Western Desert of Egypt (Fig. 1) (Said, 1990) . Soil moisture regime is classified as aridic regime (torric), except for the soils that have high water table, where soil moisture regime could be an aquic condition. The soil thermal regime was identified as Thermic. On the basis of the key to soil taxonomy (USDA 2010), the soils of SidiAbdel Rahman area could be classified in the two categories of entisols and aridisols. 
Methodology
The proposed MEDALUS model by Kosmas et al. (1999) was used for computing the ESA index to determine the tendency to desertification in Sidi-Abdel Rahman area. Seventy -two target sites were sampled. The proposed MEDALUS model by Kosmas et al. (1999) was used for computing the ESA index to determine the tendency to desertification in Sidi-Abdel Rahman area. Seventy -two target sites were sampled (Fig. 2) according to the manual for describing land degradation indicators (Kosmas et al., 1999) . The climate indicator was calculated based on annual rainfall (R); aridity index (A); evapotranspiration (ET); slope aspect (Sa) and erosivity (Ero). The climate parameters play a significant role in desertification (Reynolds & Stafford Smith, 2002 , Archer, 2004 , Wang et al., 2005 and Zheng et al., 2006 . Those parameters affect water availability for plants and might result in the inhibition of plant growth (Bahreini & Pahlavanravi, 2013 and Thornes, 1995) . The different classes of all the indicator parameters are shown in Table  1 . The aridity factor was computed with sing the Goessen-Bagnolousmethod (AUA, 2008 , Bahreini & Pahlavanravi, 2013 and Parvari et al., 2011 . The evapotranspiration (ET) was estimated with Turc method (Calanca et al., 2011 and Tavares et al., 2015) . The rainfall factor was calculated with fournier index (FI). The slope QUANTITATIVE ASSESSMENT OF ENVIRONMENTAL SENSITIVITY ... aspect was derived from ASTERDEM satellite image. THe slope aspect was calculated using the aspect function of ArcMap 10.2.2 (ESRI, 2013). The climate quality index (CQI) was acquired by combining the revealed parameters using the following formula: CQI= (R * A * Sa * ET * ERo)
The soil indicator was calculated based on soil texture (St), parent material (Pm), exposure rock outcrop (Rf), slope gradient (Sg), soil depth (Sd), soil drainage condition (Sr), soil electric conductivity (Se), soil carbonates content (Sc), soil gypsum (Sy) content and soil organic matter content (So). Calcium and gypsum contents were used in the soil quality index of Sidi-Abdel Rahman area as followed by (Le Bissonnais, 1996 and Mohamed, 2013) . The Soil Quality Index (SQI) was calculated using the following equation: SQI= (St * Rf * Sg * Sd * Sr * Se * Sc * Sy * So)
The vegetation indicator was assessed based on four parameters: plant cover density, drought resistance (Dr), and erosion protection (Ep) ( Table 1 ). The thePlant cover (Pc) was computed by deriving the Normalized Difference Vegetation Index (NDVI) from Landsat satellite image of the study area. The Vegetation Quality index (VQi) was estimated using the following equation: VQI= (Pc * Ep * Dr)
The erosion quality indicator was assessed based on water erosion (Wt), and wind erosion (Wi)paremeters (Table 1 ). The erosion indicator (EQI) was calculated as: EQI= (Wt * Wi)
The management indicator was calculated based on land use (Lu), policy and management (Pm), Grazing intensity (Gi), soil and water conservation measures (Wc) and soil erosion conservation measures (Ec) ( Table 1 ). The Management Quality index (MQI) was estimated using the following equation: MQI= (Lu * Pm * Gi * Wc * Ec)
The social indicator was calculated based on two parameters, the first parameter is the population density (Pd) and the second parameter is the old age index (Oa) which is the percentage of the populationolder for more than 65 years (Tavares, 2015) . The social indicator was determined using the following equation:
Finally, the ESA index was calculated from the six quality indicators using the following quation: ESA = (SQI * CQI * VQI * MQI * EQI * * SoQI) According to the value of the ESA index, Sidi-Abdel Rahman area is classified into three categories as critical, fragile, and potential. The quality indicator and the ESA index were mapped using Inverse Distance Weighting (IDW) interpolation method in ArcGIS 10.2.2 software.
Results and Discussion
Based on the analysis of the mentioned indicators in the methodology, Sidi AbdelRahman southern parts in addition to some parts on the coast area are ranked as lowcritical to medium-critical environmental quality. The most critical indicators in Sidi Abdel-Rahman area are vegetation, and climate parameters. These indicators present a low to a very low environmental sensitive quality to desertification in about 69% of the Sidi Abdel-Rahman area while soil, management, erosion and social indicators showed values of 6.61%, 3.56% and 3.03%, and 2.11% , respectively in the low to very (Fig. 3) while the northern parts of Sidi Abdel-Rahman area are characterized by very high quality which represent 60.74% of the total area owed to the amount of rainfall which reached to 150 mm /year in average.
The high soil quality index occupies about 59% of Sidi Abdel-Rahman total area represented in the middle and western parts of the area (Fig. 4) . About 6.61% of Sidi Abdel-Rahman area is characterized by very low to low soil quality index located at the eastern and north-western parts of Sidi Abdel-Rahman area. The limiting factors of soil quality in Sidi Abdel-Rahman northern parts are salinization and daring condition as well as calcium carbonate content.The obtained results revealed that the areas characterized by a high vegetation quality occupied about 34% of the total area located in the middle and western parts of Sidi Abdel-Rahman area (Fig. 5) while an area about 36.1% of the total area are considered as very low and low vegetation quality located at the eastern, southern, and northsouthern parts of the investigated area. This lowness of vegetation cover existence in Sidi Abdel-Rahman area severely increases the erosion rates in the area.
The moderate erosion quality index occupied about 65% of Sidi Abdel-Rahman area (Fig. 6 ) while the area characterized by high quality represents about 29% of the whole area which is associated with cultivation.About 43% and 33.66% of Sidi Abdel-Rahman total area are characterized by moderate and high management quality (Fig. 7) . The continuous soil cultivation by the local bedwin farmers is protecting the area from overgrazing. Also, the bedwins building barriers to conserve the rainfall water in local cisterns for use in irrigation in an appropriate land use system.The high social quality index dominating the area with 91.5% of Sidi Abdel-Rahman area (Fig. 8) while the very low and low quality occupies about only 2% of the area.
The resulted distribution of desertification sensitivity (ESA) (Fig. 9 and 10) shows that the high-fragile (F3) ESA is located at the eastern through the middle and northwestern parts of Sidi Abdel-Rahman area and represents 43.36% of the total area ( Table 2) . The low-critical (C1) ESA is located in the south parts and represent 35.35% of the area while the medium-fragile (F2) ESA located at the western parts and represent 20.62% of the area. The medium critical (C2) ESA is very small in area about 0.66%. The parts with high sensitivity to desertification is where the vegetation quality is poor. Similar results were observed in a study by Gad and Shalaby (2010) in Sinai and wadis in Eastern Desert of Egypt.
This study shows that the fragile EAS class is the dominant class in Sidi AbdelRahman area and plays a critical role in the desertification process. The high affected areas by desertification will be prone to remove the existing vegetative cover and increase the erosion rates as to any change in the current land use and also the change of climatic conditions.
Conclusion
The MEDALUS model is very valuable method in assessing the desertification phenomena in arid and semi-arid regions. In this study, The MEDALUS method was modified to develop a regional model in which desertification parameters were collected in Sidi Abdel-Rahman area using GIS. The combination of six quality indices each comprising several sub-indicators was analysed. Calcium carbonate content and gypsum content were input in soil quality index calculation as they are essential factors under Egyptian conditions for desertification sensitivity. The results showed that 20.62% of Sidi Abdel-Rahman area is mediumfragile ESA, 43.36% is high-fragile ESA, 35.35% is low-critical ESA, and 0.66% is medium critical ESA. This MEDALUS model allows to monitor desertification phenomena by taking the needed actions in the identified sensitive areas. The resulted ESA map is a good source of information to help A. M. SALEH et al. 
